In West Africa protein malnutrition presents in children as kwashiorkor. Amongst the established pathological findings in kwashiorkor are fatty liver and muscle wasting.
Determination of the activities in serum of enzymes which take part in cellular metabolic processes provides tests of cellular damage, particularly in the liver, which are more sensitive than any other laboratory procedures. This damage may be altered selective permeability, and does not necessarily imply necrosis. It was thought that these serum estimations, in particular of glutamic-oxalacetic transaminase (G-OT), glutamic-pyruvic transaminase (G-PT), and isocitric dehydrogenase (ICD) (B) Normal Adults (14 Subjects).-They were healthy Nigerian medical students, aged 20-30 years. They came from all parts of the country and were eating a mixed diet which contained about 70 g. protein daily. No normal children were examined in this series.
(C/D) Undernourished Adults (Seven Subjects) and Children (10 Subjects).-They were living in an agricultural village (Ilora) about 10 miles from Ibadan, which was undergoing a nutritional survey, and I am grateful to Dr. Alexander Boyo for his collaboration. The adults were aged 25-40 and the children 5-7. They had no evidence of illness and were living a normal life; they were not anaemic and had normal serum protein levels. The daily protein intake of the adults was about 40 g.: that of the children is not known, but was probably less.
(E) Children with Protein Undernutrition (Kwashiorkor) (11 Subjects).-They were in-patients or out-patients of University College Hospital, Ibadan, with a history of a very low protein diet, who had clinical symptoms of kwashiorkor of various grades of severity, and a total serum protein of less than 5 g. /100 ml. The age distribution was 1-6 years, and they were in general a few years younger than the undernourished children.
(F) Children with RecoveredProteinUndermutrition (Nine Subjects).-They were out-patients of University College Hospital, Ibadan, who had recently finished their course of treatment for kwashiorkor (a high-protein diet), were clinically recovered, and their total serum protein was more than 6.5 g./100 ml. Methods Serum G-OT was measured by the method of Karmen (1955) , serum G-PT by the method of Wr6blewski and LaDue (1956) , serum ICD by the method of Wolfson and Williams-Ashman (1957) , all with minor modifications, e.g., most analyses were performed with 0.2 ml. serum. The question of units is important (Daly and Jordan, 1959) . It is possible to express results of serum enzyme analyses either in spectrophotometric units (for G-OT, Karmen, 1955; for G-PT, Wr6blewski and LaDue, 1956 ; for ICD, Kerppola, Nikkila, and Pitkanen, 1959) , or in substrate units (for G-OT, Hauss and Leppelmann, 1958; for G-PT, Dreyfus, Schapira, and Schapira, 1958; for ICD, Wolfson and Williams-Ashman, 1957) . Spectrophotometric units are easier to calculate, as a simple factor of the change in optical density which occurs during the estimation, provided that conditions are standard. They have been almost universally used for G-OT and G-PT. Substrate units, which represent quantities of reactant used or formed, are enzymologically more correct and are perhaps more commonly used for ICD. The optimum temperature to which results should be corrected is also undecided (Baron and Bell, 1959a) . In this work spectrophotometric units, one unit being 0.001 change in O.D.340 / ml. serum in 3 ml. reaction volume/ minute at 25°C. (as this was the temperature of the air-conditioned laboratory), were employed for all three enzymes; for ICD, 1 spectrophotometric unit= 30 reactant units.*
In the routine chemical pathology laboratory, serum proteins were estimated by the method of Wolfson, Cohn, Calvary, and Ichiba (1948) , serum bilirubin by the method of Powell (1944) , and serum cholesterol by the method of Sperry and Webb (1950) . The normals for Nigerian children are: total protein 6-8.5 g./100 ml., albumin 2.5-4.0 g./100 ml., bilirubin 0.3-1.0 mg./100 ml., total cholesterol 100-180 mg./ 100 ml., percentage free cholesterol 20-40% (Edozien, personal communication) .
*In a previous communication (Baron and Bell, 1959b) , ICD units were expressed per ml. serum /1.5 ml. reaction volume: this unit introduces confusion and has been abandoned. A recent international subcommnission has recommended that all enzyme units be expressed as millimole substrate utilized/minute/unit volume (? ml. or L., King, E. J., personal communication).
Results
In the transaminase assays I observed rapid utilization of D.P.N.H. before the addition of oxoglutarate in the analysis of certain sera from children of groups C, D, and E. This was not found in the sera of adults, and was not apparently (Edozien, 1959) . Fig. 1 (Edozien, 1958) : for example, which may be relevant, serum albumin is lower in Nigerians than in Europeans.
The undernourished adults (C) have serum enzyme activities that are generally moderately increased, but the increase in G-PT is small. The increase in G-OT and ICD is more apparent, and the mean values are about twice those found in normal subjects. The values found in undernourished children (D) are similar to those of the undernourished adults.
In children with established protein malnutrition (E) a marked increase in serum enzyme activity (over D) is usually found. Again G-PT shows the smallest changes, and some results are not increased. The proportionate increase of ICD activity is probably greater than of G-OT activity. (Schwartz, 1956 ). On the other hand, tissue wasting and cell damage could increase the serum concentrations of the intracellular enzymes. The increase in serum enzymes found in kwashiorkor could come from erythrocytes, cardiac muscle, voluntary muscle, or liver.
Haemolysis causes an increase in serum ICD, but very little in G-OT or G-PT. Care was taken in collecting and separating the blood, and any haemolysed samples were rejected.
It is established that in myocardial necrosis, when the serum G-OT is high, the G-PT is normal or slightly raised (Wr6blewski, 1958 ) and the ICD is also normal (Baron and Bell, 1959b) . The abnormal enzyme pattern of myocardial damage is quite different from that found here in protein malnutrition.
Wasting of voluntary muscle is marked in kwashiorkor. Although muscle wasting in starvation is not associated with a rise in serum aldolase or lactic dehydrogenase (White, 1958 ), yet these enzymes, G-OT, and to a lesser extent G-PT, show increased serum activity in muscle disease (Dreyfus, Schapira, and Schapira, 1958) . The concentration of ICD in voluntary muscle is low, and in muscular dystrophy, where other serum enzymes are markedly raised, serum ICD is normal (White, 1958) . In a small personal series of cases of muscle dystrophy and myopathy, with raised serum G-OT, the serum ICD was normal (Baron and Bell, unpublished observations) . This evidence suggests that skeletal muscle damage is not the principal cause of the rise in serum enzymes in kwashiorkor.
The abnormal enzyme pattern in this series is the same as that found in hepatocellular damage in which serum ICD, G-OT, and G-PT are all increased, though there may be variations in the proportionate increases in the different enzymes in different types of liver disease (Sterkel, Spencer, Wolfson, and Williams-Ashman, 1958; Wroblewski, 1958; Kerppola et al., 1959) . The evidence supports the view that the alterations in serum enzymes in protein malnutrition are due primarily to release of enzymes from liver cells, though general tissue breakdown, principally in the skeletal muscles, may play a part.
As different "liver function tests" measure different functions of the liver, the lack of correlation between the abnormal enzyme results and the results of the other liver function tests is not surprising, and occurs in other liver diseases. In patients with kwashiorkor dying at the height of the illness the main structural change in the liver is deposition of fat, which is more marked than cell necrosis. In chlorpromazine jaundice there is an increase in serum G-OT without apparent liver cell necrosis, and it has been suggested that this is caused by altered cell permeability (Shay and Siplet, 1957) : the same may apply in kwashiorkor. In their studies in Guatemala on the biochemical changes in the liver of kwashiorkor, Burch, Arroyave, Schwartz, Padilla, Behar, Viteri, and Scrimshaw (1957) showed that an average of 30% of liver protein was lost, and that (of the enzymes studied here) the concentration of G-OT relative to protein was unchanged: their results indicate that liver G-OT is lost in parallel with liver protein.
As a result of the studies it is suggested that estimation of serum enzymes may be a useful additional tool in the assessment of cases of incipient or florid protein malnutrition. Serum G-OT is at present the recommended enzyme to assay, as the changes are almost as consistent as in serum ICD, but a simple and relatively cheap colorimetric method of assay is available. Colorimetric assay of ICD (Bell and Baron, 1959) requires the relatively expensive TPN. This work is being continued, in collaboration, by Dr. J. C. Edozien at Ibadan, with special reference to serial observations and correlation of these serum enzyme changes with other abnormalities.
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